Abstract In order to prevent hip arthroplasty dislocations, information regarding the direction of the dislocation is important for accurate implant positioning and for optimising the postoperative regimens in relation to the surgical approach used. The aim of this study was to analyse the influence of the surgical approach on the direction of the dislocation in patients treated by a hemiarthroplasty (HA) or total hip arthroplasty (THA) after a femoral neck fracture. Fracture patients have a high risk for dislocations, and this issue has not been previously studied in a selected group of patients with a femoral neck fracture. We analysed the radiographs of the primary dislocation in 74 patients who had sustained a dislocation of their HA (n=42) or THA (n=32). In 42 patients an anterolateral (AL) surgical approach was used and in 32 a posterolateral (PL). The surgical approach significantly influenced the direction of dislocation in patients treated with HA (p<0.001), while no such correlation was found after THA (p=0.388). For THA patients there was a correlation between the mean angle of anteversion of the acetabular component and the direction of dislocation when comparing patients with anterior and posterior dislocations (p=0.027). These results suggest that the surgical approach of a HA has an influence on the direction of dislocation, in contrast to THA where the position of the acetabular component seems to be of importance for the direction of dislocation in patients with femoral neck fractures.
Introduction
A dislocation of the prosthesis is a relatively common, severe and expensive complication after hip arthroplasty surgery [1] [2] [3] . While the overall dislocation rate for the various surgical approaches and diagnoses has been reported in a number of papers, less attention has been paid to the influence of the surgical approach on the direction of dislocation of the prosthesis [4] [5] [6] . In routine health care it is often assumed that patients operated upon using an anterior surgical approach are more likely to dislocate anteriorly, and vice versa for a posterior approach. Although information concerning this issue is valuable and has implications for selecting an accurate implant position and for optimising the postoperative rehabilitation regimens in relation to the surgical approach and thereby possibly preventing dislocations, studies regarding this specific issue are few.
In a paper from 1982, Woo and Morrey [4] reported that 77% of patients who had undergone a total hip arthroplasty (THA) using a posterior approach and subsequently sustaining a dislocation presented with a posterior dislocation, while patients operated upon through an anterior approach had an equal distribution between anterior and posterior dislocations at 46% each. The results for the anterolateral approach have been confirmed by Biedermann et al. [6] and those for the posterolateral approach by Pierchon et al. [5] . However, the majority of the patients in these studies were treated for degenerative joint disease.
Patients undergoing an arthroplasty after a fracture of the femoral neck, either primarily or secondarily after a failed internal fixation, run a substantially higher risk of dislocation [1, 4, 7] compared to those operated on for osteoarthritis (OA) or rheumatoid arthritis (RA) [8] . In fracture patients the incidence of dislocation ranges between 2% and 16% for hemiarthroplasty (HA) [9] [10] [11] and between 2% and 22% for THA [12] [13] [14] [15] .
The principal modern surgical approaches for hip arthroplasty are the anterolateral [16] and the posterolateral [17] approaches. The optimal technique remains controversial for patients with OA and RA; increasing evidence suggests that the anterolateral approach, as compared to the posterolateral, provides significantly better stability after both HA and THA in patients with a femoral neck fracture [9-11, 15, 18, 19] . In fracture patients, the influence of the surgical approach on the direction of dislocation of the arthroplasty has not been studied previously, after HA nor after THA.
The aim of this study was to analyse the influence of the surgical approach on the direction of dislocation of the hip arthroplasty in patients undergoing HA or THA after a femoral neck fracture.
The study was conducted in conformity with the Helsinki Declaration and was approved by the Regional Ethics Committee in Stockholm (reference no. 2008/63-31/3).
Patients and methods
Between January 1996 and September 2008 a total of 1,741 HAs and 970 THAs were performed due to a femoral neck fracture at our department at the Stockholm Söder Hospital. We searched this cohort to find all patients with a primary dislocation of their arthroplasty within one year after prosthesis surgery and who had radiographs of diagnostic quality available. We identified and included 74 (63 females) patients with a HA (n=42) or a THA (n=32), treated by a primary arthroplasty (n=40) for a displaced femoral neck fracture (Garden III and IV) [20] or a secondary arthroplasty (n=34) after failure of internal fixation of a femoral neck fracture. An anterolateral [16] surgical approach was used in 42 patients and a posterolateral [17] in 32. On every occasion, the selection of the surgical approach was determined by the individual surgeon's preference. An additional 36 patients were identified from whom radiographs of diagnostic quality were lacking, giving a total dislocation rate of 4.1% within the first year after surgery. There were no differences in patient characteristics when comparing the patients included in the study and those lacking radiographs allowing interpretation (data not shown).
For the analyses, the patients were divided into four groups depending on the type of arthroplasty, HA or THA, and the surgical approach, anterolateral (AL) or posterolateral (PL). Baseline data, with reference to the type of arthroplasty and surgical approach, for all patients are displayed in Table 1 . As expected, the patients in the THA group were younger and the HAs were performed more often as a primary procedure.
Radiological analysis
The radiological analysis was performed by an independent radiologist who was blinded to the surgical approach. The lateral radiograph from the time of the primary dislocation was analysed and the position of the head of the dislocated prosthesis was classified as anterior, posterior or superior in relation to the acetabulum (HA) or the acetabular component (THA). This position was assumed to be the route and direction of the dislocation of the prosthesis [4, 21] (Figs. 1 and 2). Angles of inclination and anteversion of the acetabular component were measured with regard to the patients with THA on the anteroposterior and the lateral radiographs, respectively, using the method previously described by Woo and Morrey [4] . HA hemiarthroplasty, THA total hip arthroplasty, AL anterolateral surgical approach, PL posterolateral surgical approach
Statistics
Scale variables were tested using one-way ANOVA and a post hoc analysis was performed when comparing groups using a t-test with Bonferroni correction adjusted for three groups. The normality assumption within each group was tested with the Shapiro-Wilks test and homogeneity of the variances was tested with Levene's test. Nominal variables were tested two-sided by the Fisher's exact test. The results were considered significant at p<0.05. All analyses were performed using SPSS version 16.0 (SPSS, Inc., Chicago, IL).
Results
The mean (SD; range) time from surgery to the primary dislocation was 32 (41; 0-242) days. The direction of dislocation in relation to the surgical approach for the HA group is displayed in Fig. 3 . In the HA/AL group the dislocations were categorised as anterior in 19 patients (68%), posterior in seven (25%) and superior in two (7%). No patient in the HA/PL group had an anterior dislocation, 13 patients (93%) had a posterior dislocation and one patient (7%) had a superior dislocation. This difference in the direction of the dislocation between the HA/AL and the HA/PL groups was significant (p<0.001).
The direction of dislocation in relation to the surgical approach for the THA group is shown in Fig. 4 . In the THA/AL group the dislocations were categorised as anterior in four patients (29%), posterior in five (36%) and superior in five (36%). In the THA/PL group five patients (28%) had an anterior dislocation, ten (56%) a posterior dislocation and three (17%) a superior dislocation. There was no significant (p=0.388) difference between the THA/AL and THA/PL groups regarding the direction of the dislocation.
The inclination and anteversion angles of the acetabular component in relation to the direction of dislocation in patients with a THA are displayed in Table 2 and Fig. 5 . The mean angle of inclination was 48°in patients with an anterior dislocation, 39°in patients with a posterior dislocation and 44°in patients with a superior dislocation. Only the difference between the anterior and posterior dislocation groups was significant (p=0.045). The mean angle of anteversion was 24°in patients with an anterior dislocation and 13°in patients with posterior and superior dislocations, respectively. The differences between the anterior and posterior and between the anterior and superior dislocation groups were significant (p=0.027 and p=0.048, respectively).
Discussion
In this study on patients who had undergone a primary or secondary hip arthroplasty after a femoral neck fracture, we found that an HA inserted through a posterolateral approach dislocated significantly more often posteriorly (93%), while an HA inserted through an anterolateral approach more often dislocated anteriorly (68%). However, after a THA in fracture patients, we did not find any significant correlation between the surgical approach and the direction of dislocation, suggesting that the surgical approach is only Fig. 1 Anterior dislocation of a hemiarthroplasty (HA). Anterior dislocation of a total hip arthroplasty (THA) Fig. 2 Posterior dislocation of a hemiarthroplasty (HA). Posterior dislocation of a total hip arthroplasty (THA) one of several factors affecting the direction of dislocation after a THA. Our results imply that the position of the acetabular component might be one important factor.
Our finding that the direction of dislocation of an HA in patients with a femoral neck fracture is highly dependent on the surgical approach has not been reported previously. In the absence of an acetabular component, the direction of dislocation is influenced by the position of the femoral component and/or the surgical approach. The position of the femoral stem may differ slightly between the different approaches but, on the other hand, the condition for an optimal implant position is an important characteristic of the surgical approach. Therefore, the surgical approach is likely to be the most important factor determining the direction of dislocation. It is reasonable to assume that the femoral head is prone to dislocate in a direction in which the soft tissues have been weakened by surgery. A posterior dislocation in the hip results from a flexion/internal rotation, a much more common position in the daily life of an elderly patient compared to extension/external rotation, the position which may result in an anterior dislocation. This may be one important reason why dislocations are so frequent after the posterolateral approach in elderly patients with femoral neck fractures, and also why some patients (25%) operated upon via an anterolateral approach had a posterior dislocation.
We recently reported factors influencing the stability of HA and THA in patients with femoral neck fracture with special reference to the surgical approach within the context of two large prospective cohort trials [11, 15] . After both HA and THA the anterolateral approach was associated with a significantly lower risk for dislocation than the posterolateral approach with or without posterior repair: for HA 3.0%, 8.5%, and 13.0%, respectively (p<0.001), and for THA 1.9%, 11.8% and 13.6%, respectively (p<0.001).
One previous study, by Woo and Morrey [4] , assessed the influence of various surgical approaches on the direction of dislocation after THA. In their retrospective study including 43 patients with a dislocated THA, the majority (77%) of the patients operated on via a posterior approach had a posterior dislocation, but patients operated on via an anterior approach had an equal distribution between anterior (46%) and posterior (46%) dislocations. Biederman et al. [6] reported similar results in 83 patients Fig. 4 The direction of dislocation in relation to the surgical approach in the total hip arthroplasty (THA) group (n=32) Fig. 3 The direction of dislocation in relation to the surgical approach in the hemiarthroplasty (HA) group (n=42) who had had a primary THA via an anterolateral approach: 46% anterior dislocations and 45% posterior dislocations. Finally, Pierchon et al. [5] reported 95% posterior and 5% anterior dislocations in a study on 38 patients with a primary or a secondary THA performed via a posterolateral surgical approach. However, although not clearly stated in the papers, the majority of the patients in these three studies were treated for degenerative joint disease and it is not clear whether any fracture patients were included. In our study, including only patients with femoral neck fracture, we found no significant difference in the direction of dislocation between THA patients operated upon via anterolateral and posterolateral approaches. There was a tendency towards posterior (56%), as compared to anterior (28%), dislocations among patients operated on using a posterolateral approach and a more equal distribution between posterior (29%) and anterior (36%) dislocations among patients operated on via an anterolateral approach. The interpretation of these results is, however, difficult as 25% of the THA patients had a superior dislocation. The superior dislocations are most likely a result of an anterior or a posterior dislocation in which the abductor muscles have pulled the dislocated femur in a cranial direction, leaving the femoral head in a position superior to the socket. A true superior dislocation may occur in excessive adduction in combination with a vertically placed acetabular component [4, 22, 23] . This seems to be a less likely explanation in our study as none of our patients had an inclination angle exceeding 61°. However, the surrounding soft tissues may contribute to the stability of the joint and the possibility that some of our patients had compromised soft tissues, resulting in a true superior dislocation cannot be ruled out.
The association between the position of the acetabular component and the risk for dislocation has been discussed in several studies. The socket is usually recommended to be inserted with an inclination angle of 30°to 50°and an anteversion angle of 5°to 25° [6, [24] [25] [26] . In our study the angle of anteversion was greater for patients with anterior dislocations than for those with posterior dislocations. This is in line with the results of Biederman et al. [6] and Masaoka et al. [27] who reported an increased risk for anterior dislocation as anteversion of the acetabular component increased and vice versa for posterior dislocation. However, other authors have not been able to demonstrate any correlation between socket anteversion and the risk for dislocations [5, 28, 29] . The influence of the angle of inclination on the direction of the dislocation is even more unclear. Our results, as well as those of others do not support the view that this is a factor of major importance [5, 6, 28, 29] . One strength of our study is that the patients were included from a cohort treated at one hospital during a defined period of time where the selection of the surgical approach was determined by the individual surgeon's preference. Moreover, the patient cohort was well defined and included only patients with a femoral neck fracture. Another strength is that the radiological analysis was performed by an independent radiologist who was blinded to the surgical approach.
The method we used to assess the direction of dislocation, i.e. from radiographs, may be criticised, although the same method has been used in previous studies [4, 21] . We have discussed the difficulties in the interpretation of the superior dislocations. An alternative method for assessing the direction of dislocation could be to test the stability and direction of the dislocation of the prosthesis at the time of the reduction manoeuvre. However, this may be difficult to achieve in routine health care since many of the reductions are performed by junior surgeons outside office hours who may be reluctant to redislocate the hip after having successfully reduced it. Furthermore, our method for assessing the position of the acetabular component has limitations even though it has been used by several previous authors [4, 21, 22, [28] [29] [30] . Measuring the anteversion of the socket may be especially difficult since no true reference line is available in the pelvis. However, the method gives a fair estimate of the position of the socket and gross malpositioning can be appreciated. Another weakness of this study is the lack of assessments of the femoral stem anteversion. A malpositioned femoral component is a well-known risk factor for prosthetic dislocation and may also influence the direction of the dislocation [22] . As previously stated, the prerequisites for an optimal stem position are an important feature of the surgical approach. However, McCollum and Gray [31] stated that the orientation of the femoral component is assumed to be less critical than that of the acetabular component, and the most common cause of failure is the orientation of the acetabular, rather than the femoral, component [22, 32] . A more detailed analysis of the position of the acetabular component and the femoral stem anteversion requires assessment with CT [5, 23] . Furthermore, as only patients with primary radiographs allowing interpretation were of interest to this study, theoretically, there could have been selection with regard to surgical approach and/or direction of dislocation. However, in summary, we believe that the weaknesses of our study, as stated above, should not jeopardise the validity of our main conclusions.
The treatment of displaced femoral neck fractures with HA or THA has a good and predictable outcome regarding the need for revision surgery, hip function and healthrelated quality of life [14, 19, 33, 34] . However, dislocation of the prosthesis remains a significant problem, especially after the posterolateral approach [9-11, 15, 18] . In this study we have shown that the surgical approach influences the direction of dislocation in HA patients, but the approach does not seem to have the same influence in THA patients in whom the position of the acetabular component seems to play an important role. The implications of our results are that the postoperative mobilisation in patients with HA should be dependent on the surgical approach used. For THA patients the mobilisation regimen should include strategies aiming to reduce the risk of both anterior and posterior dislocation regardless of the surgical approach used. Moreover, when performing THA in patients with a femoral neck fracture, special attention should be paid to optimal positioning of the acetabular component.
